In the mantle and tail regions, the magnetic field is fairly quiet and the fluctuations are almost linearly polarized. There are two possible sources for the fluctuations in the magnetosheath: convection from the upstream foreshock and local generation. When the IMF is nearly perpendicular to the solar wind flow, the fluctuations in the magnetosheath are mainly generated locally by an ion cyclotron instability due to planetary ion pickup. The wave intensity is relatively low and the transverse component is dominant. The waves are lefthanded, elliptically polarized, and propagating parallel to the mean magnetic field. When the IMF is nearly aligned to the solar wind flow, foreshock waves are convected into the magnetosheath. The fluctuations in the magnetosheath become more intensive. Their polarization properties are very mixed and there is no clear tendency. It indicates that the waves convected from the foreshock may be the mixture of multiple wave types and incoherent noise.
Introduction
[2] Venus has no global intrinsic magnetic field, so the solar wind interacts directly with the highly conducting ionosphere [e.g., Zhang et al., 2007] . The interplanetary magnetic field is draped around the ionosphere to form an induced magnetosphere [e.g., Zhang et al., 2008a] . Despite a smaller volume, the induced magnetosphere is analogous to the magnetosphere of an intrinsic magnetized planet [e.g., Baumjohann et al., 2010] . The supersonic solar wind is slowed down and diverted around the induced magnetosphere, and a detached bow shock is formed in front of it. The interaction region is filled with magnetic and plasma fluctuations. These fluctuations play an important role in redistributing energy and momentum in the collisionless plasma. The study on them can help us to understand how the solar wind affects the space environment near a planet.
[3] The fluctuations in the interaction region between solar wind and Venus have been studied for several decades. Luhmann et al. [1983] reported that the magnetic field in the Venus magnetosheath behind a quasi-parallel bow shock fluctuated more intensively, and they considered that the quasi-parallel bow shock was an important source of the fluctuations in the magnetosheath. Phillips et al. [1986] also found that the amplitude of fluctuations generally was greatest for the nearly radial interplanetary magnetic field (IMF) and smallest for the transverse IMF. The oscillations with a frequency of 0.05 Hz observed in the magnetosheath were believed to be convected from the upstream waves identified by Hoppe and Russell [1982] . Huba and Strangeway [1997] summarized the previous works about plasma waves at Venus in a review article. Russell et al. [2006] reported the occurrence of proton cyclotron waves in the Venus magnetosheath. From the Venus Express observations, Delva et al. [2008] identified the waves at proton cyclotron frequency which were clearly present to a distance of ∼5 R V upstream of the Venus bow shock. Mirror mode waves were identified in the Venus magnetosheath and also observed in Earth's magnetosheath Tátrallyay et al., 2008] . The former had a ∼1/10 duration and frequency of the latter. Volwerk et al. [2008b] also investigated mirrormode-like structures statistically and found that they were observed more frequently within the dayside magnetosheath and preferably under a quasi-perpendicular bow shock condition. Using a wavelet technique, Vörös et al. [2008a] found 1/f fluctuations in the Venus magnetosheath, largescale structures near the terminator, and more developed turbulence farther downstream in the wake. To identify the characteristic scaling features of fluctuations and understand the specific circumstances of the occurrence of different types of scalings, Vörös et al. [2008b] investigated the statistical properties of magnetic fluctuations in the Venus magnetosheath and wake regions. Noisy fluctuations were observed in the magnetosheath, while wavy structures were identified near the terminator and in the nightside near-planet wake. In absence of an intrinsic magnetic field, the plasma environment around Mars is similar to that around Venus. A statistical study of low-frequency magnetic fluctuations in the near-Mars space was performed [Espley et al., 2004] . Espley et al. identified the fluctuations in the dayside magnetosheath as mirror mode waves, whereas the fluctuations in the nightside magnetosheath were associated with ion cyclotron instabilities. Using a similar method, Guicking et al. [2010] presented a statistical study of magnetic fluctuations near Venus and compared the results with fluctuations at Mars.
[4] Previous research at Earth has shown that the magnetic fluctuations in the magnetosheath are strongly controlled by upstream IMF orientation [e.g., Luhmann et al., 1986; Schwartz et al., 1996; Song and Russell, 1997; Czaykowska et al., 2001; Du et al., 2009a] . At Venus the effects of IMF orientation on the magnetic fluctuations have also been investigated. Luhmann et al. [1983] and Phillips et al. [1986] found that the magnetic fluctuations in the downstream of a quasi-parallel bow shock were more intensive than for a quasi-perpendicular bow shock. By studying two special cases of Venus Express, Du et al. [2009b] found that the fluctuations in the quasi-parallel magnetosheath might be convected from the upstream waves in foreshock, and in quasi-perpendicular magnetosheath the fluctuations were probably generated locally by pickup of newborn exospheric ions. Zhang et al. [2009] reported a Venus Express observation of the absence of the dayside part of the induced magnetosphere, when IMF was nearly aligned with the solar wind flow. It indicated that the upstream IMF orientation was an important factor in the process of solar wind interactions with Venus. Espley et al. [2004] and Guicking et al. [2010] gave the spatial distributions of the wave properties at Mars and Venus, but the data were not sorted by IMF orientation and the results of getting them were under the average IMF condition.
[5] In this paper, we extend the case study by Du et al. [2009b] to a statistical study of magnetic fluctuations near Venus. The spatial distributions of the wave properties under different IMF orientations are given and compared with each other. The dependence of the magnetic fluctuations on the IMF orientations is studied.
Venus Express Data Set
[6] Venus Express (VEX), launched on 9 November 2005, is the first European mission to Venus and went into orbit around Venus on 11 April 2006. The spacecraft is in a nearpolar orbit with periapsis at 250-300 km altitude and therefore can observe the terminator and midmagnetotail regions [Zhang et al., 2006] . These two important regions are not covered by the previous missions.
[7] Magnetic field data were obtained by the Venus Express magnetometer with a sampling rate of 1 Hz [Zhang et al., 2006] . The accuracy of data is about 1 nT for the absolute field and better than 0.1 nT for the variable field . The detailed algorithm used in the process of data cleaning was described in the Ph.D. thesis of Simon Pope at the University of Sheffield [Pope, 2008] . To perform a statistical analysis of magnetic fluctuations near Venus, we used the magnetic field data from April 2006 to December 2008 about 4 Venus years (1 Venus year equals about 225 Earth days). The data were given in Venus solar orbital (VSO) coordinates, where the X-Y plane coincides with the Venus orbit plane, X is the direction to the Sun, Y is the direction opposite to planetary motion, and Z is perpendicular to the orbit plane of Venus and positive toward ecliptic north. However, because of the orbital motion of Venus around the Sun (∼35 km/s), the solar wind velocity vector is not parallel to the Sun-Venus line in the planetary frame. Given the solar wind velocity at 430 km/s, the aberration angle is about 5°. This aberration can be removed by rotating all the data clockwise 5°around the positive Z axis in VSO coordinates. In the transformation to new aberrated coordinate system (VSO a ), the X and Y components of the magnetic field have been slightly changed.
[8] At Venus, when the spacecraft is within the magnetosheath or magnetotail, there is not another one that can monitor the upstream IMF. Therefore, to investigate the effect of IMF orientation on magnetic fluctuations near Venus, only the cases with nearly steady IMF should be selected. In our work, we checked all the magnetic data for 4 Venus years. The bow shock crossings were identified by the sudden change in the magnitude of the magnetic field in each orbit. For each magnetosheath crossing, the average IMF before and after the crossing was calculated over some selected intervals with a length from 20 to 60 min. Then the angle R between the direction of IMF measured before and after the crossing was calculated. We got 889 angles in total for all the data, and their histogram is shown in Figure 1 . The cases with R < 30°are considered the ones with nearly steady IMF. There are 358 total cases (about 40% of all the cases) that can satisfy this condition. For these selected cases, the average IMF can be considered constant, and it is equal to the average value of IMF measured before and after the crossing. This method was also used by Du et al. [2009b] . With these average IMFs, we can calculate their cone angles in the aberrated coordinates VSO a , which are the angles between IMF vectors and the X a axis (antiparallel to the solar wind flow) from 0°to 90°. Figure 2 shows the histogram of the cone angles C of IMF for the selected cases with R < 30°D (358 cases in all). According to the different values of C , all the selected cases (358 cases) can be sorted into three groups: 0°< C < 30°(142 cases), 30°< C < 60°(130 cases), and 60°< C < 90°(86 cases). In a later section, we study the properties of magnetic fluctuations in these three groups and perform a comparative study between them. The results show how the IMF orientations affect the properties of magnetic fluctuations near Venus.
Analysis Method
[9] In this section, we present the data analysis methods used in our study. First of all, the mean magnetic field is determined by the low-pass filtering of data with a highest frequency of 0.01 Hz (shortest period of 100 s). On the basis of this measurement, the mean field (MF) coordinates can be defined: the principal direction (Z MF axis) is along the direction of the mean magnetic field, the second direction (Y MF axis) is perpendicular to the mean magnetic field and the aberrated X axis, and the third direction (X MF axis) completes the right-handed coordinated system. The magnetic measurements in the aberrated coordinate VSO a are transformed into the MF coordinate system, which allows us to distinguish between the transverse and compressional power of the fluctuations. The sliding windows of 100 s width and 10 s shift are used for our statistical study. The length of window is chosen as a trade-off between the temporal and spatial resolutions. Within each window, the intensity, transverse and compressional power, ellipticity, polarization, and propagation directions of the magnetic fluctuations are calculated in the frequency range 0.03-0.3 Hz. The lower and upper limits of the frequency range are determined by the length of sliding window and the proton gyrofrequency in the magnetosheath, respectively. We performed case studies on tens of cases. For most of them, the principal frequencies in the magnetosheath are not clear. It is probably because the fluctuations are the mixture of multiple wave modes and no one is predominant. For statistical study, there is no good method to study the principal frequency. Therefore, we only studied the fluctuations in the certain frequency range 0.03-0.3 Hz.
[10] Usually, there are three techniques for analyzing the polarization properties of plane waves [McPherron et al., 1972; Means, 1972; Samson, 1973] . All the methods assume that one major plane wave mode is dominant and propagates along the direction normal to the plane. In the case of multiple waves with the same frequency, the parameters determined by the analysis represent the average of the parameters for the individual waves. The fundamental differences in the three techniques is how they determine the transformation to the principal plane. Arthur et al. [1976] performed a comparative study of these three different techniques and presented that their quality of performance on both simulated and real wave events was approximately the same. The method introduced by McPherron et al. [1972] is used in our study. The first step is the determination of the 3 × 3 spectral matrix for the given frequency range. In the MF coordinate system, the sum of the first and second diagonal elements of the spectral matrix represents the estimate of the transverse power (P ? ) of the magnetic fluctuations, while the third diagonal element corresponds to the compressional power (P k ). Then minimum variance analysis (MVA) is performed on the real part of the spectral matrix to find three eigenvalues and their correspondent eigenvectors. The direction of minimum variance is assumed to be parallel to the propagation direction of a wave. The matrix of eigenvectors is used to transform the spectral matrix into the principal axis system. After that, the polarization parameters ellipticity and polarization described by Fowler et al. [1967] can be calculated easily. Moreover, it should be noticed that this method does not work well for the nearly linearly polarized plane wave, because the minimum and intermediate eigenvalues determined by MVA are very close in such a case. In our study, for each time interval with the 100 s length and 10 s shift, this 
Statistical Results
[11] To perform a statistical study, about 4 Venus years of magnetic data obtained by VEX are used and sorted into three groups by the different cone angles of IMF. Figure 3 shows the count of observations in the near-Venus space under the different IMF orientations. The near-Venus space represents the interaction region between the solar wind and Venus, which includes the magnetosheath, mantle, and tail. In Figure 3 , the horizontal axis (X a ) represents the distance along the solar wind flow, and the vertical axis ( ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi Y 2 a þ Z 2 a p ) indicates the distance from the solar wind flow. Each bin has a size of 0.1 × 0.1 R V . The locations of bow shock and upper and lower mantle boundaries determined by the models of Martinecz et al. [2009] are shown by the dashed lines. Figure 3a shows the count of data points in each bin for all the selected cases with nearly constant IMF. The cone angles of IMF ( C ) are arbitrary for the plot, and most bins contain more than 100 measurements. Figures 3b and 3c show the results for the quasi-parallel (0°< C < 30°) and quasi-perpendicular (60°< C < 90°) cases, respectively. The number of measurements in the majority of bins is more than 60 for Figure 3b and 30 for Figure 3c , with some bins exceeding 150 measurements near Venus. To improve statistics, only bins containing 10 or more measurements are considered in our study.
Magnetic Field Strength
[12] Figure 4 shows the spatial distribution of the magnetic field strength under the different IMF orientations. Assuming cylindrical symmetry, the magnetic field strength is averaged over the direction around the X a axis. In Figure 4a , on the basis of the magnetic field strength, the near-Venus space can be divided into several regions. In the dayside magnetosheath, most of magnetic field strengths are more than 20 nT, and in the regions near the subsolar point and Venus the values exceed 30 nT. The magnetic field piles up to form a magnetic barrier around the ionopause with a thickness of about 200 km on the dayside [Zhang et al., , 2008c . In the nightside magnetosheath, except the regions near the bow shock, the magnetic field strength is about 10 nT, close to the IMF strength in upstream solar wind. In the mantle and tail regions, the magnetic field strength is slightly enhanced. The locations of the bow shock and the upper mantle boundary are clear in Figure 4 and make a good agreement with the models of Martinecz et al. [2009] , which are shown by the dashed lines. Figures 4b and 4c show the spatial distributions of the magnetic field strength under the quasi-parallel and quasiperpendicular IMF orientations. By comparing them, it can be found that the magnetic field strength under the quasi- parallel condition is clearly less than that under the quasiperpendicular condition, especially in the dayside part. Zhang et al. [2009] presented an observation of the absence of magnetic barrier for when the IMF is nearly aligned with the solar wind flow. Because of the small cone angle, the IMF cannot be effectively blocked by the ionosphere and cannot pile up around it. The relationship between the magnetic barrier and the IMF orientation is further studied and discussed in another paper.
Wave Intensity
[13] In section 3, we introduced how the data are transformed into the MF coordinate system and the 3 × 3 spectral matrix is calculated for the given frequency range. The sum of the first and second diagonal elements of the spectral matrix represents the estimate of the transverse power (P ? ) of the magnetic fluctuations, while the third diagonal element corresponds to the compressional power (P k ). The total power P T is equal to their sum (P ? + P k ). Relative to the absolute wave intensity, the wave intensity compared to the strength of the background magnetic field is more important. Because the unit of power is nT 2 /Hz, the wave power should be scaled by |B| 2 . Therefore, P T /|B| 2 is used to describe the wave intensity in our study. Figure 5 shows the spatial distribution of the relative total power of the fluctuations under the different IMF orientations. For the arbitrary IMF cone angle (Figure 5a ), the relative total power P T /|B| 2 is between 0.4 and 0.6 in most parts of the magnetosheath, and in a few regions with solar zenith angle from 50°to 80°it is more than 0.8. The wave intensity in the dayside magnetosheath is slightly larger than that in the nightside magnetosheath. The wave intensity decreases sharply at the the upper mantle boundary, and in the mantle region the value of P T /|B| 2 is between 0.1 and 0.3. The tail region under the lower mantle boundary is very quiet, with P T /|B| 2 less than 0.1. For the quasi-parallel (Figure 5b ) and quasi-perpendicular (Figure 5c ) IMF conditions, the spatial distributions of relative wave intensity remain the same: highest in the magnetosheath and lowest in the tail region. Moreover, under the quasi-parallel condition, the magnetic fluctuations in the magnetosheath are much more intensive than for the quasi-perpendicular condition. This is in agreement with our previous study about Earth and Venus' magnetosheaths [Du et al., 2009a [Du et al., , 2009b . With the small cone angle of IMF, the foreshock region is formed by the reflected particles in front of the subsolar point of the bow shock, which is filled with the fluctuations at the same frequency as those in the magnetosheath. Because the IMF with the small cone angle is quasiparallel to the solar wind flow, the waves in the foreshock can be convected along the magnetic field into the magnetosheath. Therefore, the intensive fluctuations in the quasiparallel magnetosheath probably originate from the upstream waves in the foreshock. When IMF is nearly perpendicular to the solar wind flow, there is no foreshock region before the bow shock, so the magnetic fluctuations in the magnetosheath are less intensive and may be generated locally. [14] To determine whether the transverse or compressional power is dominant, Guicking et al. [2010] introduced the parameter (P ? − P k )/P T with a value between −1 and 1, which is the difference between the transverse and compressional power relative to the total power. It is equal to −1 for the pure compressional fluctuations and 1 for the transverse fluctuations. Figure 6 shows the spatial distribution of this parameter under the different IMF orientations. Except for a few regions near the bow shock, this parameter is positive for most parts of the magnetosheath. Moreover, with the increase of the solar zenith angle, the proportion of the transverse power tends to be larger. The transverse power is slightly higher than the compressional power in the dayside magnetosheath with (P ? − P k )/P T around 0.1, and the nightside magnetosheath is dominated by the transverse fluctuations with (P ? − P k )/P T more than 0.6. In the mantle and tail regions as well as the dayside magnetosheath, the transverse power is also slightly higher than the compressional power. By comparing Figures 6b and 6c , it can be found that in all the regions, especially the nightside magnetosheath, the value of (P ? − P k )/P T increases with the increase of the IMF cone angle. The proportion of the transverse power is larger under the quasi-perpendicular IMF condition.
[15] In our study, the transverse power is slightly greater than the compressional power in the dayside magnetosheath. This is in contrast to the findings of Espley et al. [2004] , that the compressional fluctuations were found in the dayside magnetosheath at Mars. There are several possible reasons for this inconsistency: the time period of the data set, the scales of the magnetosheath, the frequency range of concern, the method of calculation, and so on. Moreover, Espley et al. [2004] found that the compressional power was only slightly larger within the dayside magnetosheath with (hdB ? i − hdB k i)/|B| around −0.05. For the nightside magnetosheath, our result agrees with that of Espley et al. [2004] , that the nightside magnetosheath is dominated by the transverse fluctuations. Volwerk et al. [2008b] reported that mirror mode structures with the dominant compressional fluctuations occurred preferably in the dayside part of the Venus magnetosheath. Similar structures cannot be found in Figure 6 . This may be because the mirror mode structures only grow in the specific plasma condition and do not exist all the time. In our study we do not separate them, so the mirror mode signals may be covered by the general condition.
Ellipticity
[16] In the usual convention, the ellipticity of the plane wave is defined as the ratio of the minor and major axes of polarization ellipse and is usually used as a polarization parameter associated with a partially polarized (quasimonochromatic) signal. Its value is between 0 and 1, which represent the linear and circle polarizations, respectively.
[17] Figure 7 shows the spatial distribution of the ellipticity under the different IMF orientations. Although its lower and upper limits are 0 and 1, in our study the majority of its values fall into the intermediate range, from 0.20 to 0.45. Therefore, Figure 5 . Spatial distribution of the relative total power of the fluctuations P T /|B| 2 under the different IMF orientations. The format is the same as in Figure 3. to display the details more clearly, we set 0.02-0.45 as the range of the color bar. In Figure 7a for the arbitrary IMF cone angle, its value is around 0.35 in the magnetosheath, except for the regions near the upper mantle boundary. It decreases to 0.25 in the mantle region and becomes less than 0.2 in the tail region. So the fluctuations are moderately elliptically polarized in the magnetosheath and generally quite linearly polarized in the tail region. By comparing Figures 7b and 7c , it may be found that when the IMF turns from the direction aligned with the solar wind flow to the direction perpendicular to it, the value of ellipticity in the nightside magnetosheath gets larger. At the same time, its value in the dayside magnetosheath seems to become a little smaller.
Degree of Polarization
[18] The degree of polarization is a quantity used to describe the proportion of a plane wave that is polarized. Any plane wave can be represented by a superposition of a completely polarized and unpolarized component. The strictly monochromatic signal is a totally polarized signal, for which all the properties of a wave are independent of time. The incoherent noise is a completely unpolarized signal, and there is no coherence between its components. The degree of polarization is defined as the fraction of the total intensity contributed by the completely polarized component. The coherency matrix for the unpolarized portion is a diagonal matrix in which all of the diagonal elements are equal. Therefore, the coherency matrix of any wavefield can be decomposed to the polarized and unpolarized portion, and the degree of polarization can be calculated [Fowler et al., 1967] .
[19] Figure 8 shows the spatial distribution of the degree of polarization under the different IMF orientations. Its lower and upper limits are 0 and 1, but in our study the majority of its values fall into the intermediate range, from 0.30 to 0.80. Therefore, to display the details more clearly, we set 0.30-0.80 as the range of the color bar. Its value is less than 0.5 in the magnetosheath, around 0.6 in the mantle region, and more than 0.65 in the tail region. It means that the proportion of the polarized component is lowest in the magnetosheath and highest in the tail region. Moreover, in the magnetosheath there is a small increase of its value with the increase of the solar zenith angle. This tendency is more apparent under the quasi-parallel IMF orientation (Figure 8b ). The degree of polarization in the magnetosheath under the quasiperpendicular IMF orientation is a little higher than that under the quasi-parallel IMF orientation.
Sense of Polarization
[20] Figure 9 shows the spatial distribution of the sense of polarization under the different IMF orientations. This parameter represents the direction of rotation of the polarization ellipse (i.e., positive when the polarization is righthanded, and negative when the polarization is left-handed). Its lower and upper limits are −1 and 1, but in our study the majority of its values fall into the intermediate range, from Figure 6 . Spatial distribution of the transverse and compressional ratio (P ? − P k )/P T under the different IMF orientations. The format is the same as in Figure 3 . −0.40 to 0.40. Therefore, to display the details more clearly, we set −0.40-0.40 as the range of the color bar. In Figure 9a , with the value near zero, it is hard to determine whether the fluctuations in the mantle and tail regions are left-or righthand polarized. In the dayside magnetosheath, there are some regions with the value between −0.1 and 0, which indicates that the polarization is slightly left-handed. In most parts of the nightside magnetosheath, its value is less than −0.1 (blue regions) and the fluctuations are left-hand polarized. When the cone angle of the IMF is less than 30°, there is no clear distinct regions with either left-or right-handed polarization in Figure 9b . When the cone angle of the IMF is more than 60°, the majority of regions in the nightside magnetosheath is filled with left-hand polarized fluctuations, as are the regions near the bow shock in the dayside magnetosheath. It should be noted that these senses of polarization are observed in the spacecraft frame, and the Doppler shift from the plasma rest frame to the spacecraft frame may reverse them.
Wave Vector Directions
[21] The propagation direction of a wave is assumed to be parallel to the direction of minimum variance, which is determined by performing MVA on the real part of the spectral matrix. The wave propagation vector may be along or opposite the direction of minimum variance. We select the one that can make the angle with the magnetic field less than 90°as the wave vector. Figure 10 shows the spatial distribution of the angles between the wave vector directions and the mean magnetic field B mean under the different IMF orientations. There are two clear distinct regions in the magnetosheath: One is the yellow and red region from the low-altitude dayside magnetosheath extending to the terminator with angles between 65°to 90°, where the wave vectors are almost perpendicular to the mean magnetic field; the other is the blue region in the nightside magnetosheath with angles less than 40°, where the waves propagate approximately parallel to the mean magnetic field. The angles in the nightside magnetosheath are smaller under the quasiperpendicular IMF than under the quasi-parallel IMF. It means that when the IMF is perpendicular to the solar wind flow, the waves in the nightside magnetosheath tend to propagate parallel to the mean magnetic field.
Discussion and Conclusions
[22] In this paper, about 4 Venus years of magnetic field data obtained by the Venus Express spacecraft were used to investigate the fluctuations in the frequency range 0.03-0.3 Hz near Venus statistically. We selected the cases with steady IMF orientation for which the angles R between the direction of the IMF measured before and after the magnetosheath crossing were less than 30°. The data were sorted by the average IMF orientations and divided into three groups. The intensity, transverse and compressional power, ellipticity, polarization, and propagation direction of the magnetic fluctuations were calculated in the frequency range 0.03-0.3 Hz. Then their spatial distributions were given for the different IMF cone angles and a comparative study was performed.
[23] The magnetic field piles up to form an induced magnetosphere around the Venus ionosphere. The magnetic field strength in the magnetosheath is strongest at the subsolar point and gets weaker with increasing solar zenith angle. In the nightside magnetosheath, except for the regions near the bow shock, the magnetic field strength is close to the IMF strength in the upstream solar wind. In the mantle and tail regions, it is slightly enhanced. There is a clear boundary between the nightside magnetosheath and the mantle region, which is in good agreement with the upper mantle boundary measurements by Martinecz et al. [2009] . In the dayside magnetosheath, the magnetic field strength under the quasiparallel IMF condition is less than that under the quasiperpendicular IMF condition. It indicates that IMF cannot be effectively blocked by the ionosphere when it is parallel to the solar wind flow. Zhang et al. [2009] also reported an observation like this. The detailed analysis about this topic is discussed in another paper.
[24] The relative total power of the fluctuations P T /|B| is used to describe the wave intensity. For the arbitrary IMF orientations, the fluctuations in the magnetosheath are moderately intensive, whereas the mantle and tail regions are very quiet. When the IMF is quasi-perpendicular to the solar wind flow, all the space near Venus becomes fairly quiet. Under the quasi-parallel IMF condition, the magnetic field in the magnetosheath fluctuates much more intensively. Moreover, the wave intensity decreases with the increase of solar zenith angle. It strongly indicates that waves in the foreshock can be regarded as an important source of the magnetic fluctuations in the magnetosheath. When the IMF is quasi-parallel to the solar wind flow, foreshock waves can be convected into the dayside magnetosheath and then propagate with the plasma flow to the nightside. They lose strength as they move farther into the nightside magnetosheath, so the magnetic fluctuations become weaker with the increase of solar zenith angle. When the IMF is quasi-perpendicular to the solar wind flow, there is no foreshock in the upstream of the bow shock. With the fairly quiet upstream condition, the fluctuations in the magnetosheath are very small and may be generated by some local instabilities. We used the parameter (P ? − P k )/P T to determine whether the transverse or compressional power is dominant. The nightside magnetosheath is dominated by the transverse fluctuations and in the other regions the transverse power is a little higher than the compressional power. The proportion of the transverse power is larger under the quasiperpendicular IMF condition.
[25] By using the technique for analyzing the polarization properties of plane waves [McPherron et al., 1972] , we studied the properties of waves from 0.03 to 0.3 Hz under the Figure 8 . Spatial distribution of the degree of polarization under the different IMF orientations. The format is the same as in Figure 3 . The majority of the values falls into the range from 0.30 to 0.80, which is used to set the color bar. different IMF orientations. In the mantle and tail regions, the ellipticity is very small, which indicates the fluctuations are linearly polarized. But the method of wave analysis does not work well for the nearly linearly polarized plane wave, because the minimum and intermediate eigenvalues determined by MVA are very close in such a case. The polarization properties of the fluctuations in the mantle and tail regions are not accurate. Therefore, we only discuss the fluctuations in the magnetosheath. Through the above analysis of the wave intensity, we have known that the fluctuations in the magnetosheath are generated from two different sources: the foreshock waves and the waves that grow in the magnetosheath itself. When the IMF is nearly perpendicular to the solar wind flow, the foreshock is absent. The fluctuations in the quasi-perpendicular magnetosheath are left-handed and elliptically polarized. The proportion of the polarized component is larger than the unpolarized component. It indicates that the fluctuations tend to be monochromatic and all the polarization properties are independent of time. Their propagation directions are approximatively parallel to the mean magnetic field. The wave intensity is relatively low and the transverse power is usually much higher than the compressional power. Similar fluctuations were also found in the quasi-perpendicular magnetosheath by Du et al. [2009b] . According to their polarization properties, they can be identified as the ion cyclotron waves that are probably generated locally due to planetary pickup as reported by Russell et al. [2006] . When the IMF is aligned with the solar wind flow, the foreshock forms in front of the bow shock. The foreshock waves are considered an important source of the waves in the quasi-parallel magnetosheath, which can be convected by the plasma flow along the IMF into the magnetosheath. With this picture, the spatial distributions of the wave properties and their changes with the IMF cone angle can be almost well explained. The waves convected from upstream add to the waves generated locally, which makes the magnetic fluctuations in the magnetosheath become more intensive. The properties of the waves generated from upstream are fairly mixed and no clear tendency can be found. Relative to the waves generated locally, their fluctuation amplitudes are much larger. This makes the transverse power close to the compressional power. As the foreshock waves convect into the magnetosheath, the ellipticity and degree of polarization become smaller and the sense of polarization becomes ambiguous. The method of wave analysis used in this paper is based on the assumption that at any single frequency a single plane wave propagating along the direction normal to the plane is present. In the case of multiple waves with the same frequency, the parameters determined by the analysis represent the average of the parameters for the individual waves. So the mixed polarization parameters probably indicate that the waves generated from upstream may be the mixture of 
